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METHODS:
We describe our experience in adapting and implementing 2 previously tested asthma evidence-based interventions: the Yes We Can program and the Inner-City Asthma Study intervention. We assessed the feasibility of combining key components of the 2 interventions to reduce asthma symptoms and estimated the potential cost savings associated with reductions in asthma-related hospitalizations and emergency department visits. A total of 117 children with moderate and severe asthma participated in the 12-month intervention in 2 housing projects in San Juan, Puerto Rico. A community-academic team with the necessary technical and cultural competences adapted and implemented the intervention.
RESULTS:
Our case study revealed the feasibility of implementing the combined intervention, henceforth referred to as La Red intervention, in the selected Puerto Rican communities experiencing a disproportionately high level of asthma burden. After 1-year follow-up, La Red intervention significantly reduced asthma symptoms and exceeded reductions of the original interventions. Asthma-related hospitalizations and emergency department use, and their associated high costs, were also significantly reduced.
CONCLUSIONS: Asthma evidence-based interventions can be adapted to improve quality of care for children with asthma in a different cultural community setting. Pediatrics 2013;131:S26-S37 AUTHORS: Marielena Lara, MD, MPH, a Gilberto RamosValencia, DrPH, b Jesús A. González-Gavillán, PhD, CIH, Access to high-quality care can reduce unnecessary suffering among children with asthma and lower the costs associated with preventable asthmarelated hospitalizations and emergency department (ED) visits. [1] [2] [3] [4] Although there is currently no cure for asthma, the illness and its effects can be controlled by evidence-based practices that integrate clinical and environmental interventions, such as appropriate use of preventive medications and family education about how to reduce home exposures that trigger asthma symptoms, in community settings. 5 Unfortunately, a wide gap exists between evidence-based quality care and the actual care received by poor and minority children with asthma. 6 Recognizing that there are multiple reasons why asthma evidence-based care is not being implemented in poor and minority communities, several national grant-funded initiatives have worked toward reducing this gap. [7] [8] [9] Under the rubric of implementation science and/or translational research, 10, 11 some of these efforts seek to create knowledge about the uptake and adaptation of evidence-based practices in "real world" settings. For example, translational research efforts seek to answer questions such as: What adaptations of evidence-based interventions were successful, in what environments, and why?
The Merck Childhood Asthma Network (MCAN) initiative conducted translational research to evaluate the applicability and effectiveness of evidence-based asthma interventions, which were previously shown to be efficacious in reducing the asthma burden in experimentally controlled environments, [12] [13] [14] in communities with high rates of asthma prevalence, complex social issues, and infrastructure barriers. 15 For the research reported here, we hypothesized that a novel combination of 2 evidence-based asthma interventions, the Yes We Can (YWC) 14 program and ICAS (Inner-City Asthma Study) 13 home environmental interventions, would be effective when implemented among children with moderate and severe asthma living in 2 housing projects in San Juan, Puerto Rico.
The primary objective of our case study was to assess the feasibility of implementing an adapted combination of these 2 asthma interventions in the selected Puerto Rican communities and hopefully to improve the quality of asthma care in these communities that experience a disproportionately high level of asthma burden. A secondary objective was to explore the effectiveness and potential cost savings of the combined intervention associated with reductions in hospitalizations and ED visits for asthma. Because an important goal of the project was to learn about the process of translation and implementation research, we chose interventions that, in our judgment, were fairly universal in addressing risk factors for children with asthma across geographic and cultural environments, as well as flexible enough to allow for the Puerto Rico-specific idiosyncrasies that we knew were important from our previous field experience. 16 
METHODS

Formative Work and Conceptual Framework
Our adaption of the chosen interventions to the local community environment was based on formative work, discussed in detail elsewhere, including extensive needs assessments, implementation planning, and refinement of approaches conducted over 2 cycles of funding. 7, [16] [17] [18] The adaptation of the interventions was guided by the conceptual model shown in Fig 1 that draws on structural, process, and outcome components first defined by Donabedian and applied here in the context of a community-based intervention. 17, 18 Structural core elements include the material resources, characteristics of the physical/socialorganizational setting, and the number and qualifications of staff. 18, 19 Process core elements consist of the protocol including how, when, and by whom the intervention is delivered. 18, 19 Context includes the various community and organizational characteristics that influence adaptation and implementation of the intervention. 18 In previous work, we defined explicit criteria to assess implementation fidelity for the chosen evidence-based interventions as follows 18 : high fidelity
FIGURE 1
Conceptual model for adaptation of evidence-based interventions (EBIs). Reprinted with permission from the Society of Public Health Education; originally published in Lara et al 18 , p. 65S.
(replication of an intervention key component without adaptation), minor adaptation (relatively minor modifications of the component as intended by the developers), major adaptation (significant modifications of the core component to address contextual demands of the environment), and low fidelity (adaptation of the core components to an extent that they could not be named or recognized as being part of the original evidence-based intervention).
La Red Intervention
The La Red intervention is our 1-year combined clinic-and home-based intervention adapted from YWC and ICAS. Tables 1 and 2 summarize the specific adaptations that we made to the structural and process components, respectively, as well as their rationale and degree of fidelity when compared with the original evidence-based interventions.
YWC
We adapted the YWC intervention to define and extract its most critical structural and process elements. 14, 18 For example, a critical structural component we retained was an interactive multidisciplinary team including a physician "asthma champion," a community nurse/coordinator, and a community health worker (CHW) who work with families to improve management of asthma using a medical/ social care model during regular visits to an asthma-specific clinic. The salaries of the community nurse/ coordinator and the CHWs were provided by the grant, as were small financial incentives for the physician asthma champions who found time from their busy practices for this role.
In terms of process, our adaptation of YWC retained an initial comprehensive baseline risk assessment, including symptom control, allergic skin testing, and initial medical evaluation by the physician asthma champion and community nurse. In our adaptation, allergic testing included 17 allergens composed of those used in the ICAS (dog, cat, roach, mold, mouse, rat) 13 and additional local allergens identified by a group of local allergy specialists.
ICAS Home Environmental Intervention
Our adaptation of ICAS maintained the scientific integrity of the intervention' s goals as follows: immediate remediation of allergen burden in the home and maintenance of an allergenfree home over the long term. 13 For the process of remediation we replicated ICAS' s initial assessment of each child' s environmental risks, including a home evaluation to determine the presence of environmental tobacco smoke and allergens and delivered educational modules about how to recognize and reduce specific allergen groups or environmental tobacco smoke exposures. The modules were delivered to the family by a CHW through a series of scheduled home visits.
As shown in Table 2 , our adaptation reduced the number of home visits and interventions (originally $6) as follows:
1. All children (with or without exposure and sensitivity data) received an initial "Safe Sleeping Zone module" visit. For this module, the environmental counselors assisted the families in placing dust miteimpermeable covers on the child' s bed and demonstrated vacuuming of rugs and removal of unnecessary sources of dust allergen, such as curtains, area rugs, and stuffed toys.
2. During the second visit, families received home-based education on avoiding cockroaches (eg, in the kitchen) and remediation strategies (eg, working with the housing authority to fumigate for cockroaches). We chose to provide the cockroach module to all participants because it was the second most common allergic sensitivity tested in the study population.
3. During the last visit, the CHW concluded with a brief overview of other risk factors and provided an attractive easy-to-read poster summarizing these risk factors, which families could place on their refrigerator door.
Study Design
The study protocol was approved by both the RAND and the University of Puerto Rico institutional review boards. Recruitment of the participating families took place over .1 year. The assessment of asthma symptoms and health care use at entry and at 12 months minimized seasonal influence and provided sufficient time for the intervention to have an effect. Data for the evaluation were gathered through a caregiver survey at baseline and at a 12-month follow-up as described below. As described previously, a baseline home environmental assessment was conducted. Additional evaluation components and types of data collected as part of the national MCAN initiative are described elsewhere. 20 
Setting and Population
The study was conducted in the Luis Lloréns Torres and the Manuel A Pérez housing projects in San Juan, Puerto Rico. 16 For both communities, the proportion of households with an annual average income ,$10 000 was $80%.
Eligibility Criteria
We recruited children aged 0 to 17 years with moderate or severe asthma according to an 8-item interviewerdelivered screening tool we had tested as part of the formative work. Adapted from Morgan et al. 13 c Fidelity of implementation refers to the degree to which the adapted core elements adhere to the original evidence-based interventions as assessed retrospectively by implementers and original intervention developers. 18 Fidelity of implementation refers to the degree to which the adapted core elements adhere to the original evidence-based interventions as assessed retrospectively by implementers and original intervention developers. 18 Inclusion criteria were based on the National Heart, Lung, and Blood Institute asthma guidelines and HEDIS criteria, 21, 22 which required a caregiver report of a medical professional diagnosis of asthma and any of the following: (1) daily asthma symptoms in the past 2 weeks, (2) $2 nights of asthma symptoms in the past 2 weeks, (3) $1 asthma hospitalizations in the past year, (4) $2 ED asthma visits in the past year, or (5) use of preventive asthma medicine every day during the past week or rescue medicine at least twice a week.
We excluded children with asthma who received care at the local clinics but who did not live in the Luis Lloréns Torres or Manuel A Pérez housing projects. Children with intermittent or mild persistent asthma who were excluded were asked to return for reassessment if their asthma symptoms worsened. Although the investigators recognized that this decision resulted in a selection bias, ethically they could not deny the opportunity to participate in the program to those children who in the course of the study became eligible as their asthma worsened.
Recruitment
Participants were recruited from the local health care clinics that serve the studied housing projects. We worked with community leaders to recruit children with asthma who may be eligible, made community presentations, provided an in-service session for health care facility and social work personnel on the study' s referral procedures, and provided staff to help with the referral process during pediatric clinic times. Promotional flyers were distributed to all apartments in the housing projects and posted in the health care facilities, pediatric clinics, and EDs where children are treated for asthma. Many families were recruited by "word of mouth" from enthusiastic and satisfied study participants living in the communities.
A total of 245 children with asthma living in the Luis Lloréns and Manuel A Pérez housing projects were recruited in 2 waves between January 2007 and August 2007 (wave 1, n = 100) and then between February 2008 and December 2008 (wave 2, n = 145). Several reasons contributed to the 6-month recruitment hiatus, including a midcourse correction required by the funder of the cross-site national common evaluation protocol described elsewhere 20 and a coincidental change in the local subcontractor conducting the data collection and intervention. The administrative change in subcontractor was not associated with a significant loss of trained core field staff nor a change in the content of the intervention. During the course of the change in subcontractor, however, there was a loss to follow-up for home visits for the wave 1 sample and a delay in the completion of home visits, which occurred toward the end of the 1-year intervention instead of during the first 3 months. Although children in both waves appeared to experience comparable reductions in hospitalization and ED rates, we limited this analysis to the later group of recruits (n =145), because we hypothesized that both the completion of the home visits and their timing during the course of the 1-year intervention were important to the adaptation we were evaluating.
The 12-month follow-up rate was 81% (n = 117). Characteristics of those participants completing follow-up were not significantly different from those who did not provide 12-month followup data.
Survey and Data Collection Methods
The baseline and 12-month follow-up caregiver surveys were based on the National Cooperative Inner-City Asthma Study (NCICAS) [23] [24] [25] and the National Asthma Survey supplemented with validated questions from other sources, including the RAND 8-item Bilingual Pediatric Asthma Symptom Scale (also referred to as the LASS or Lara Asthma Symptom Scale in the literature) which had been previously validated in Spanish. 26 For the survey items that had not been previously validated in Spanish, the investigators used a committee reconciliation process that included community representatives to ensure language and cultural equivalency. During the formative work, 16 several iterations of validity testing were conducted for the Spanish-language survey instruments used.
The survey data were collected face-toface by trained Spanish native-speaker interviewers. After obtaining written consent, interviewers surveyed participants at the clinic (for baseline information) and at home (12-month follow-up).
A project registry was also developed to provide a detailed process summary of the intervention and to track its milestones: children screened into the program, recruited, evaluated by a physician, visited by a CHW, evaluated and/or given an educational session by a nurse, and given medications and/or equipment.
Outcome Measures
Our primary outcomes were the survey measures of improved parent-reported symptom control (see Table 5 
RESULTS
Study Population
Children with asthma in the final sample were on average young, male, and living in a single parent household where more than half of the primary caregivers did not have a high school education ( Table 3 ). The population was also highly allergic, with 75% reacting to the allergens tested; the most common allergens were dust mites and cockroach.
Intervention Reach
Participating children received a fairly intense intervention with an average number of 8.9 encounters over the 12 months (Table 4 ). An encounter was any of the following: initial clinical evaluation and baseline survey; followup home visit(s) or phone call; followup clinic visit(s) and baseline home evaluation (checklist), safe sleeping zone, and/or cockroach home educational modules; and exit interview and assessment. On average, 2.8 of the 8.9 encounters were for clinic visits. Although the frequency of the ICAS home intervention component was less than the original intervention, participants received a fairly intense environmental intervention over the course of the year, with 96% receiving the baseline environmental checklist and home visit and safe sleeping zone and almost 80% receiving the cockroach module. Figure 2 compares the 12-month change in symptom days per 2 weeks for the La Red intervention with the original ICAS, YWC, and NCICAS interventions. Although we did not choose to adapt the NCICAS intervention, we included it for comparison purposes because it has been used in other studies in minority children with asthma. 12, 25 The La Red combined intervention showed a 24% greater reduction in symptoms than the original ICAS environmental intervention, a 154% greater reduction in symptoms than found by the NCICAS Asthma Counselor intervention, and a 99% greater reduction than the YWC intervention. The ICAS, NCICAS, and YWC interventions resulted in a 62%, 35%, and 45% decrease, respectively, in asthma symptoms from baseline to the 12-month follow-up; the La Red intervention resulted in a 72% decrease in asthma symptoms.
Reduction in Asthma Symptoms
The La Red intervention was also associated with a significant 38% reduction in the LASS asthma symptom score over the 12-month intervention (28.1 points on a scale ranging from 8 to 40) ( Table 5) . A difference of $7 points in the mean composite asthma score has been reported to be clinically significant in adults, 29 whereas a difference of 6.1 points has been associated with clinical improvement after the resolution of an exacerbation in Spanish speakers (the corresponding clinical difference in English speakers is 4.6 points). 26 The percentage reductions in individual symptoms were as follows: chest pain (52%), night symptoms (49%), wheezing (47%), shortness of breath (43%), asthma attack score (38%), cough (36%), and asthma attack number (31%). The parental score of perceived severity was the item with the lowest, yet significant, reduction at 14%.
Improvement in Quality-of-Care Indicators Associated With the Intervention Preventable Asthma-Related Hospitalizations and ED Use
Implementation of the adapted interventions was associated with significant decreases in preventable hospitalizations and ED use (Table 6) . Asthma-related hospitalizations were reduced by .60% and ED visits by ∼50%.
Appropriate Asthma Medication Use
Use of preventive medications doubled overall, with a slighter larger increase among those who reported daily use. 
FIGURE 2
Comparison of La Red intervention symptom changes with original asthma interventions changes in maximum asthma symptom days per 2 weeks.
Use of rescue medication decreased by ∼75%.
Other Quality-of-Care Indicators
All of the process and structural indicators of quality of care measured improved significantly, including access to a regular asthma provider (increasing by 45%) and reports of having the necessary equipment such as nebulizers, spacer, and peak flows. The intervention was also associated with large significant improvements in the content of asthma education received.
The number of caregivers who reported having been taught what to do in case of an asthma attack and/or how to respond early to asthma symptoms nearly doubled, whereas the number of those taught how to use an inhaler close to tripled, and those taught how to use a spacer more than quadrupled. Finally, by the end of the 12-month intervention, approximately one-half of the caregivers reported having an asthma action plan for their child as compared with a mere 4% at baseline.
Simulated Cost Savings Associated With the Intervention
The Monte Carlo simulation results suggest that La Red intervention was associated with a significant reduction in health care expenditures for asthma-related ED visits and hospitalizations among study participants who completed the intervention. As seen in Table 7 , the average reduction in simulated total health care expenditures was $5913 (SD: $1888), equivalent to a 45% reduction. For ED visits, the average reduction was $1178 (SD: $233) or an average percentage reduction of 59%. In the case of hospitalizations, the average reduction was $4735 (SD: $1872) or a 42% average percentage reduction. The simulation suggests that 100% of participants generated savings in the associated health care expenditures, although with great variability among participants. For example, at the extremes of the distribution (5th and 95th percentiles), total savings ranged from $9040 to $2882, savings for ED visits range from $1564 to $802, and savings for hospitalizations ranged from $7824 to $1732, respectively.
DISCUSSION
The children with asthma in the 2 lowincome Puerto Rico communities we studied experienced extraordinary disparities in access to quality primary care for asthma. Only 17% of our study population (children with moderate or severe persistent asthma) reported taking a controller medication in the previous month at baseline as compared with the 100% dictated by national guidelines. 21 In other studies in children with persistent asthma, ∼40% to 50% reported taking controller medications, with a lower proportion among minority children covered by Medicaid. 1, 2, 27 Similarly, other quality-of-care asthma care process measures were deficient, with ∼40% of caregivers in our sample reporting at baseline they had been taught by a health care provider how to respond to their child' s asthma attacks or to recognize early signs and symptoms, as compared with ∼60% in a national sample. 28 Less than 5% of caregivers reported receiving an asthma action plan at baseline versus ∼30% nationwide. 28 These suboptimal standards for asthma care are particularly noteworthy because, in Puerto Rico, the populations we studied are almost universally covered by public health insurance, known as Mi Salud. In other words, these quality-of-care gaps were observed in a setting in which lack of health insurance is not a barrier to care.
La Red' s adaptation of the YWC and ICAS interventions was very effective in improving asthma childhood outcomes and quality of care in the Puerto Ricans communities studied. Our case study offers important lessons learned for those "translating" these and other evidence-based practices in similar environments. We believe that an important factor in the observed success was the combination of the key intervention components of YWC and ICAS. La Red drew on the strengths of the YWC team-based model and supplemented it with the strength of the tightly designed, intense, and tailored environmental intervention established by ICAS. YWC did not emphasize identifying and remediating home environmental risk factors and ICAS did not provide asthma education or teambased case management. However, we believe that by integrating the 2 approaches, La Red was able to provide a more complete asthma intervention that transcended the limitations of these 2 evidence-based approaches.
Another important contributing factor was achieving a delicate balance between implementing the previous intervention's key components with sufficient fidelity while adapting it to our local characteristics and idiosyncrasies. 18 In our experience, the successful "translation" of the evidencebased interventions would not have been possible without the multidisciplinary team of academic and community staff, including the original intervention developers, who brought together the cultural and technical competencies necessary for the translation process. 16 In addition, from its earlier formative stages, the study was built on a community-based participatory research approach that drew on successful partnerships with key community and health care system stakeholders. 16, 30, 31 We aimed to assess whether elements of 2 interventions that were successful in more controlled environments could be implemented successfully in the "real world" of the extremely disadvantaged housing project communities we studied. One might expect that the impact of these interventions would be attenuated by the complications of implementing them in this setting with very little control over the participating population. These families did not receive reimbursements for their participation nor were they required to attend repeated visits throughout the study period. Yet, the impact of La Red was not only comparable to that observed in the controlled experimental studies but in almost every case exceeded the original, separate interventions. 13, 14 For example, the reduction in asthma symptoms was greater than that observed in ICAS, and health care utilization (hospitalizations and ED visits) was ∼50% lower for the La Red children as compared with the previous 12 months, a difference .3 times greater than the difference observed between the intervention and control groups in the ICAS project. Our results need to be evaluated in light of our study' s limitations, including the existing threats to internal and external validity. Our study was not designed to evaluate the effects of each of the particular interventions but instead as a "bundled" intervention. Another important limitation was that as an observational study we lacked a control group. We also did not have a full year of data before and after the intervention to better evaluate a "washout" effect of the intervention. 32 As part of a multisite national project we were limited in the site-specific design changes we could execute. 20 We also had planned to collect populationbased claims data for both our targeted communities and another control community in Puerto Rico with a similar sociodemographic profile. However, because of circumstances beyond our control, these data were not available, which limited our capacity for a direct comparison group. Similarly, our economic analyses were exploratory because of lack of local data regarding costs for some of the key components of the intervention. Finally, because we studied only 2 housing projects in San Juan, our findings are not generalizable to other geographic areas in Puerto Rico or nationwide.
CONCLUSIONS
Translating evidence-based research interventions into real-world applications can be fraught with compromises in fidelity due to resource limitations and a lack of "laboratory setting" controls. On the other hand, such translations give the public health practitioner the opportunity to demonstrate how the key components of evidence-based programs can be adapted to extend their benefit to underserved areas. The La Red case study provides an example of how translational research, in spite of all its challenges, can bear fruit in a real-world setting to reduce health and health care disparities in a population with an extraordinary asthma burden.
